This study aimed to evaluate the effects of elevation, land use and canopy openness on species richness and composition of lichens in Ghunsa valley of Kanchenjunga Conservation Area, Eastern Nepal. At five elevational levels, from 2 200 m to 3 800 m, transects were established in four land-use types -cultivated land, meadows, exploited and natural forests. Detrended Correspondence Analysis (DCA) and Canonical Correspondence Analysis techniques were used to explore the lichen species distribution patterns. Generalized linear models were applied to analyse the impact of elevation and canopy openness on lichen species richness. Canopy openness was measured by hemispherical photography. A total of 229 species belonging to 71 genera were recorded. The length of the first DCA axis of 8.01 SD units indicated a complete species turnover and high beta diversity along the elevation gradient. Exploited forests with lower canopy openness supported higher lichen diversity than open meadows and cultivated areas. Significant differences in lichen species richness were found for different land-use types, along the elevation gradient, and with varying canopy openness. A gradual increase of lichen species richness from cultivated land to forests was observed. We concluded that substrate types that depend on land-use types as well as canopy openness significantly affect the distribution of lichen communities.
Introduction
Lichen diversity along elevational gradients has been analysed intensively in recent years (Bruun et al. 2006; Grytnes et al. 2006; Pinokiyo et al. 2008; Cobanoglu & Sevgi 2009; Baniya et al. 2010; Rai et al. 2011; Baniya et al. 2012) as well as lichen diversity along land-use gradients (Bergamini et al. 2005; Motiejûnaitë & Faùtynowicz 2005; Stofer et al. 2006; Wolseley et al. 2006; Giordani et al. 2010) . Similarly, some recent studies are concerned with the influence of canopy openness on species richness, diversity and distribution of lichens (Li et al. 2011; Marmor et al. 2012; Li et al. 2013b Li et al. , 2013a . However, effects of landuse related canopy openness on species richness and composition of lichens have rarely been studied.
Land-use change determines vegetation cover, species composition and distribution patterns of plant communities (Tasser & Tappeiner 2002) and, consequently, the variation in key characteristics of host tree species, like their density, age and diameter, which all influence the composition and distribution of epiphytic lichen communities (Löbel et al. 2006; Mežaka et al. 2008; Cobanoglu & Sevgi 2009; Li et al. 2011; Mežaka et al. 2012; Odor et al. 2013) . Land-use changes, habitat loss and degradation often decline lichen populations (Scheidegger & Werth 2009 ). Compared with other factors, changing light and moisture conditions are often the dominant factors to explain differences in lichen diversity and abundance (Li et al. 2013a) .
Nepal is a mountainous country in the central Himalayas with an area of 147 181 km 2 . It is situated between China in the north and India in the east, south and west. The elevation ranges from 60 m above sea level in Terai to 8 848 m at Mt Everest, the highest peak in the world (Chaudhary 1998) .
In Nepal, lichens are found in all climatic zones. However, floristic and ecological studies on lichens are largely missing. The latest physiographic data of Nepal showed 29 % of the total land area covered by forests, 10 % by shrubs and degraded forests and 21 % by cultivated land (MFSC 2009 ). Land-use and land-cover change are substantial in Nepal; especially the forest cover shows a drastic decline -even in protected areas. For the Kanchenjunga Conservation Area (KCA), for instance, Gautam and Watanabe (2004) found a decline in forest land cover by 14.9 % and grazing land cover by 77.9 % between 1979 and 1992 . This was the result of an increase in cultivated land by 4.9 % and shrubland by 19.7 %. KCA is a community-managed protected area established in 1997 and handed over to the KCA Management Council by the government of Nepal in 2006. The shifting cultivation is a common traditional farming system practiced in this protected area by the local ethnic groups as their traditional oc-cupation and livelihood. It also falls within the Sacred Himalayan Landscape being developed by WWF Nepal (Aryal et al. 2010) .
The main objective in the present study, therefore, is to evaluate the effects of different land-use types, canopy openness on species richness and composition of lichens along the elevational gradient in KCA, Eastern Nepal. We hypothesized that (a) lichen diversity generally decreases from forests to open land and (b) highest lichen diversity is reached in forests under intermediate canopy openness.
Materials and methods

Study area
This study was carried out in Ghunsa of Eastern Nepal between 2 200 m and 3 800 m (Figure 1 ). Ghunsa lies towards the north-eastern part of Nepal in the KCA. KCA is located between 27º 24'-27º 57' N latitudes and 87º 39'-88º 12' E longitudes, close to the boarders of China in the North and India in the East. KCA covers an area of 2 035 km 2 between the Middle Mountains and the high Himalayas, with an elevational range from 1 200 m (Thiwa Khola) to Mt Kanchenjunga (8 586 m), the third-highest peak in the world. The area includes three river valleys: Simbua, Ghunsa, and Tamur (Anonymous 2011). KCA has diverse climatic zones, including subtropical monsoon at 1 200 m to alpine forests (above 4 000 m), where June to August are the warmest months, with monthly maximums of 24.73°C to 24.81°C, and January is the coldest month, with a maximum temperature of 13.8°C (Shrestha & Ghimire 1996) . KCA receives a good amount of monsoon rainfall from April / May to September / October, with a mean annual precipitation of 2 013 mm / yr (Anonymous 2009).
Field methods and data collection
Land-use types were classified according to land cover, disturbance frequency and intensity. At each elevational level, land-use gradients were stratified into four land-use types (Scheidegger et al. 2010 ). 1. Natural forest: Forested area with very little or no human disturbance. It includes mainly broad-leaved trees and pine trees. This land-use type is often several hours walking distance away from human settlements. 2. Exploited forest: Disturbed and / or exploited forests used for extensive grazing and / or the collection of fodder and firewood, which are close to human settlements. 3. Meadow: Areas dominated by grasses and scattered trees and shrubs. Grazed by domestic livestock like sheep, goats, buffaloes, cows, yaks, and horses. 4. Cultivated land: Land extensively used for cultivation and including terraced fields. These arable fields are often irrigated and fertilized.
Fieldwork was carried out in April 2012. Five elevation levels, from 2 200-3 800 m, with an interval of approximately 400 m were selected for the study. At each level, the four land-use types were selected on both sides of the Ghunsa river valley and two transects of 2.5 m × 25 m each were studied at each land-use type on both sides of the valley, which showed southeast and north-west facing aspects. A total of 72 of 80 planned transects were established, because not all land-use types were found at each elevation level. The distance between two transects within the same landuse type was at least ten meters. On each transect, elevation was recorded by Global Positioning System (Garmin, GPSmap60CSx) and slope, and the direction of the slope was recorded by a clinometer (Silva, Ranger). The growth form and substrate types were recorded. We considered the growth forms crustose, foliose, fruticose and leprose, and the substrate types corticolous (on bark), saxicolous (on rock), muscicolous (on moss) and terricolous (on soil) (Hale 1983) . Hemispherical photographs were taken using a digital camera (Coolpix995 Nikon) and fish-eye lens (Fish-eye converter FC-E8 Nikon). The camera was mounted at a height of 1.5 m above the ground on a tripod and levelled with a bubble level.
Lichen identification and image analysis
Collected lichen specimens were examined at the Laboratory of the Central Department of Botany, Tribhuvan University, Kathmandu, Nepal, and at the Swiss Federal Research Institute, WSL, Switzerland. Identification of lichens was carried using the relevant keys and checklists (Awasthi 1991; Sharma 1995; Awasthi 2007; Singh & Sinha 2010) . Identified specimens were deposited at the Swiss Federal Research Institute WSL, Switzerland.
Lichen species were categorized according to family, growth forms, substrate type and photobiont types, i. e. cyanobacteria or green algae, following the recent updated taxonomical classification (Lücking et al. 2016) . Data were organized in a relational database (MS Access). Hemispherical photographs were converted to binary (black and white pixels) following the image analysis manual described by Frazer et al. (1999) . All image analyses were performed using image-processing software, Gap Light Analyzer (GLA Version 2.0).
Statistical analysis
We calculated Pearson correlation coefficients between variables such as total lichen species richness, growth forms, substrate types and photobiont types (i. e. green algal and cyanobacterial lichen species richness) and canopy openness. TukeyHSD multiple comparison tests were used to test the effect of particular land-use types on species richness of lichens. Generalized Linear Models (GLMs; McCullagh & Nelder 1989) with quasi-poisson error distribution were performed for modelling lichen richness. We build models with linear only and linear and quadric predictor terms and chose the final model parameterization according to the significance of the quadratic term. Graphics were made only for statistically significant models by using GLM. GLMs were not built for species richness of leprose, terricolous and muscicolous lichens because of the scarcity of occurrence data.
Detrended Correspondence Analysis (DCA; Hill & Gauch 1980) was used to determine the lengths of the main gradient in species composition based on the sample by species data matrix. We performed DCA with downweighting of rare species and found a gradient length 8.01 standard unit (SD) for the first axis. This indicated the use of Canonical Correspondence Analysis (CCA) (Lepš & Šmilauer 2003) and its implied unimodal response model over a linear model like in Redundancy Analysis (RDA) to analyse the relationships between species co-occurrence and environmental variables (i. e., elevation, land-use type and canopy openness). All environmental variables were permuted 199 times during CCA to test for significant environmental variables. Direct correlations of environmental predictors with CCA axes were also performed.
All statistical analyses were performed using the vegan 2.4-0 package (Oksanen et al. 2016 ) under the free statistical software environment R version 3.3.1 (R Core Team 2016).
Results
A total of 518 lichen specimens were collected from 72 transects, which included 229 lichen species of 71 genera (Appendix 1). 95 species belonged to the foliose growth form, 87 species were crustose, 44 species fruticose and 3 species were leprose. With regard to the substrate preference, 157 species were corticolous, 55 saxicolous, 14 muscicolous and 3 terricolous species. Green algal photobionts were associated with 205 lichen species, while the remaining 24 lichen species were associated with cyanobacteria. A TukeyHSD test showed significant differences in lichen species richness between cultivated and other land-use types (p < 0.05) (Appendix 2a).
Species richness between land-use types
According to land-use types, 174 species were recorded from exploited forests with the highest number of foliose lichens (77 species), followed by 172 species on natural forests, dominated again by foliose lichens (70 species). Likewise, the highest number of corticolous species (151 species) was recorded from natural forests followed by exploited forests with 135 species.
Species richness and canopy openness
Total species richness showed a significant monotonic decline with canopy openness (Figure 2a) . Such a monotonic decline of species richness was also found for specific growth forms, specific photobiont species richness and species richness of corticolous of specific substrate types (Figure 2 , Appendix 3). As an exception, a significant monotonic increase was found for saxicolous species richness towards higher canopy openness (Figures 2e, Appendix 3 ). An optimum of total lichen richness was found at low canopy openness with 20.1 species predicted at 10 % canopy openness, with a gradual decline towards higher canopy openness (Figure 2a) . Similarly, species numbers of crustose and fruticose lichens showed a decline towards higher canopy openness, with a predicted species number of 6.4 and 5.2 species at 10 % canopy openness respec- tively (Figures 2b & c) . Regression analysis was not performed for the leprose growth form because only three species presented this feature. Regarding the four substrate categories, corticolous lichen richness also showed a gradual decline with increasing canopy openness, with an average of 19.8 species at 10 % canopy openness (Figure 2d ). In contrast, saxicolous lichen richness had a positive trend with increasing canopy openness with an average of 7.4 species at 85% canopy openness (Figure 2e ). GLM was not performed for muscicolous and terricolous species as their number was too low (14 and 3 species respectively). With respect to photobiont type, both cyanolichens and green algal lichens exhibited a significant decrease with canopy openness, with an average of 2.9 species of cyanolichens, 17.2 species of green algal lichens at 10 % canopy openness (Figures 2f & g ) respectively.
Species richness along elevation
There is a significant correlation of the total lichen species richness with the elevation and canopy openness (p ≤ 0.05). Total species richness of lichens and species richness of specific growth forms, specific substrate types and specific photobiont types, except species richness of leprose, muscicolous, terricolous lichens, showed a significant (p ≤ 0.05) monotonic increase with elevation (Figures 3a-g, Appendix 3 ). A total richness of 21.9 species was predicted at 3 800 m with a predicted species richness of 6.3 crustose, 10.3 foliose, 5.2 fruticose, 16.5 corticolous and 2.4 cyanoli-chens and 19.5 green algal lichen species at 3 800 m (Figures 3a-g ). The regression analysis results showing the best selected model for each response variable is shown in Appendix 3.
Species composition
The length of the first DCA axis was 8.01 SD units ( Table 2 ) that indicated a high beta diversity with almost complete species turnover between transects. The first two DCA axes explained 12.3 % of the total variance in the data matrix.
In CCA, the environmental variables elevation, canopy openness and land-use explained 21 % of the total species variation variance (Table 3) . CCA axis I was significantly correlated with elevation, while CCA axis II was highly correlated with canopy openness and land-use types (Figure 4 , Appendix 2b). Along the CCA axis I, the highest abundance of Aspicilia contorta, Chaenotheca chrysocephala, Evernia mesomorpha, Leptogium burnetiae, Umbilicaria indica var. indica and Usnea longissima showed more preference towards high elevation, while species such as Cladonia scabriuscula, Heterodermia comosa, Lecanora cenisia showed high preference towards low elevation. Likewise, along the CCA axis II, species composition of Aspicilia caesiocinerea, Coccocarpia erythroxyli, Phaeophyscia ciliata, Umbilicaria badia, Xanthoria fallax showed higher abundance towards higher canopy openness, while species like Caloplaca farinosa, Hypogymnia vittata, Cladonia crispata var. cetrariiformis, Usnea himalayana, Chaenotheca chryso- 
Discussion
Lichen species richness and composition along gradients of land use, canopy openness and elevation
Our study indicated distinct effects of elevation, land use and canopy openness on lichen species richness and composition. We found a considerable variation in lichen species richness among the four selected land-use types, with decline of species richness from forest to cultivated land. These findings are in accordance with other studies like Stofer et al. (2006) , who also observed decreasing lichen species richness from natural forest landscape to open agricultural landscape in a large-scale study covering several European biogeographic zones. Canopy 0.29 0.00 1.00 1.00 1.00 1.00 1.00 0.06 1.00 0.09 1.00 0.28 1.00 Spn 0.00 0.05 0.00 0.00 0.00 0.00 1.00 0.00 0.06 1.00 1.00 0.00 0.00 Cru 0.02 0.05 0.00 0.00 0.00 0.00 1.00 0.00 0.78 1.00 1.00 0.00 0.00 Fol 0.00 0.18 0.00 0.00 0.00 0.00 1.00 0.00 0.61 1.00 1.00 0.00 0.00 Fru 0.01 0.05 0.00 0.00 0.00 0.00 1.00 0.00 0.00 1.00 1.00 0.00 0.00 Our study revealed a monotonic decrease in total lichen species richness with increasing canopy openness. In the present study, low canopy openness of about 10 % still supported a high number of lichen species. In the steep Himalayan mixed forests, canopy openness of 10 % and more is likely to provide sufficient light into the forest stand and, in general, light limitation does not seem to be a major limiting factor for lichen species richness in the mountain forests of KCA.
As trees are an important factor explaining lichen species composition and richness (Mežaka et al. 2008; Odor et al. 2013) , meadows and natural forests seemed to provide lichen-rich habitats because of a high diversity and abundance of trees. The exploited forest type with varying disturbance intensity still maintained a reasonable diversity of microhabitats for epiphytic lichens, but some species that depend on semi-shaded habitats and high moisture in natural forests, such as corticolous lichens, are declining in exploited forests. Pinokiyo et al. (2008) also found the maximum number of corticolous lichens in dense forest. In the present study, we found high saxicolous lichen richness in meadows, because a high abundance of rocks and boulders are exposed on meadows, where litter does not continuously cover their surface. Exposed rock surfaces can support more saxicolous lichens than in closed forests, where slightly inclined rock surfaces are often covered with litter. On cultivated lands, slightly inclined rock surfaces are often disturbed by human influence to remove them or to use them for various activities related to farming. Frequent and intense disturbance of rock surfaces in agricultural land is a significant difference to European land-use gradients, where Wolseley et al. (2006) recorded high saxicolous richness in farmland including cultivated land.
The saxicolous species richness revealed a gradual increase of species richness with increasing canopy openness and reached an average of 7.4 species per transect at 85 % openness, which corresponds to meadows and open cultivated land. Rocks and boulders inside forest landscapes are primarily covered by litter or mosses and also have a low exposition to solar radiation. However, corticolous species richness showed a decline with increasing openness and reached an average of 19.8 species at 10 % openness. Because corticolous lichens in the studied land-use gradients form a more species-rich species pool than saxicolous species, the observed decline of saxicolous species richness is overcompensated by a stronger increase of epiphytic lichens. As the lichen diversity is related to tree diversity, density (Baniya et al. 1999; Li et al. 2011; Li et al. 2013b Li et al. , 2013a and humidity (Pinokiyo et al. 2008) , cultivated landscapes bear a limited number of trees, shrubs and fewer rocks and boulders as well as less humidity. The resulting lower epiphytic lichen species richness cannot be compensated by an increased density of boulders and bare rocks, which are generally covered with lichen vegetation under an open sky receiving direct solar radiation.
The lichen richness pattern is also closely related to the management practices of the particular landscape, e. g. the protected area. The traditional shifting cultivation practice common to this area (Aryal et al. 2010 ) is significantly explained after finding of declining lichen richness pattern with open canopy. The shifting cultivation practice opens up a landscape which seems not to support lichen richness and its diversity pattern. Further, the shifting cultivation practice is also common to Makalu-Barun areas of East Nepal. Thus, future diversity of lichen seems in a difficult situation. Conservation of lichen will automatically conserve the landscape.
In addition to the differences between land-use types, our study clearly indicated a distinct variation in species richness along the elevational gradient studied. We found a linear relationship with increasing elevation. Cobanoglu and Sevgi (2009) reported a similar pattern for epiphytic lichens with elevations from 1 300 m to 1 900 m in Turkey. However, a majority of former studies reported an unimodal relationship (Bruun et al. 2006; Grytnes et al. 2006; Baniya et al. 2010 Baniya et al. , 2012 . Unlike these studies, which generally covered long elevational gradients, our study was more closely confined to a local scale, with an elevational gradient covering temperate to subalpine forests, but not reaching areas above the timberline. Therefore our linear relationship can be interpreted as part of an unimodal relationship on larger scales.
Lichen species composition showed a strong species turnover along CCA axis I (elevation) and CCA axis II (land use-types). Natural and exploited forests supported diverse lichen vegetation which decreased towards meadows and cultivated land. These results confirm findings from European land-use gradients from forest to agricultural land-use types (Stofer et al. 2006 ).
Conclusion
We conclude that besides elevation as a general climate proxy, differences in land use, which directly affect canopy openness, are the two main general factors of both lichen species richness and composition in this area of the Himalayas in Nepal. Forests with diverse habitats and relatively low canopy openness harbour more lichen species than meadows and cultivated land. However, elevation and canopy openness are not direct drivers. Canopy openness influences light intensity and relative moisture on the forest floor and tree trunks, which directly affect lichen diversity. In addition, elevation serves as a general climate proxy for temperature or precipitation, which more directly influences both species richness and composition of lichen communities. Highest species richness of lichens was reached at the highest altitudinal level of our survey, indicating that the maximum total species richness of lichens as well as the richness of most of the studied species groups is at or above 3 800 m in this part of the Himalayas. 
